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IMPLICATIONS AND CONTRIBUTION 34 
Young adults regularly experience restricted periods of sleep, sufficient to provoke an 35 
increase in risk taking behaviour and a decrease in positive emotions. Further understanding 36 
of the role of sleep in young adults’ emotional impulsivity may promote awareness of the 37 
protective value of sleep on “risky” behaviour in this age group.  38 
39 
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ABSTRACT 40 
Purpose: Young adults regularly experience restricted sleep due to a range of social, 41 
educational and vocational commitments. Evidence suggests that extended periods of sleep 42 
deprivation negatively impact affective and inhibitory control mechanisms leading to 43 
behavioural consequences such as increased emotional reactivity and impulsive behaviour. It 44 
is less clear whether acute periods of restricted sleep produce the same behavioural 45 
consequences.  46 
Methods: Nineteen young adults (m = 8, f = 12) with habitual late bed-time (after 22:30 h) 47 
and wake-time (after 06:30 h) completed a range of objective and subjective measures 48 
assessing sleepiness (Psychomotor Vigilance Task, Karolinska Sleepiness Scale), inhibitory 49 
control (Emotional Go/No-go Task and a Balloon Analog Risk Task) and affect (Positive and 50 
Negative Affective Schedule).  Testing was counterbalanced across participants, and occurred 51 
on two occasions once following restricted sleep and once following habitual sleep one week 52 
apart.  53 
Results: Compared to habitual  sleep, sleep restriction produced significantly slower 54 
performance on the Psychomotor Vigilance Task, and higher subjective ratings of sleepiness 55 
on the Karolinska Sleepiness Scale. Sleep restriction also caused a significant decrease in 56 
positive affect, but no change in negative affect on the Affective Schedule. Inhibitory control 57 
efficiency was significantly differentiated, with participants showing an increase in risk 58 
taking on the Balloon Analog Risk Task, but there was no evidence of increased reactivity to 59 
negative stimuli on the Emotional Go/No-go task.  60 
Conclusions: Results suggest that even acute periods of sleep loss may cause deficits in 61 
affective experiences and increase impulsive and potentially high risk behaviour in young 62 
adults.  63 
Keywords:  Sleep deprivation, Emotions, Impulsive behaviour, Risk-taking. 64 
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INTRODUCTION 65 
Sleep is a recuperative and restorative process that is imperative for the healthy 66 
development of cognitive, emotional and social functioning. In adolescents and young adults, 67 
developmental changes such as the maturation of homeostatic and circadian sleep systems, 68 
ensure that the timing of sleep is shifted towards a later bedtime, which, coupled with various 69 
psychosocial influences may limit total sleep duration [1]. Cross-cultural studies reveal that 70 
young adult university students sleep between 6.6 and 7.5 h on weeknights, with 70% 71 
sleeping less than 6 h at least one night a week [2,3, 4]. Although “normal” sleep duration 72 
varies between individuals [5], sleep restricted to <6 h per night has been associated with 73 
measurable impairments in cognitive performance, vigilance and affect [6, 7]. In addition, a 74 
large population studyfound sleep quality to be rated as “poor” in 38% of young adults, with 75 
restricted total sleep time being a primary contributor to this rating [3]. The possibility that 76 
insufficient sleep contributes to behavioural, cognitive and emotional disturbances in young 77 
people, is supported by studies demonstrating that  sleep restriction (SR) may lead to a range 78 
of cognitive [8], academic [2, 9], behavioural [10, 11], and emotional deficits (i.e. anxiety 79 
and depression; [2, 6]) in this group.  80 
 Despite the growing body of knowledge addressing the way in which SR may 81 
affect young adult cognition and affect, there have been few empirical studies assessing the 82 
effects of SR on higher order inhibitory control and affective mechanisms in this age 83 
group.The potential that in young adults restricted sleep may be adversely affecting these 84 
mechanisms, is indirectly suggested by their behaviour, which may include highly affective 85 
arousal, impulsivity, and risk taking [12, 13]. In Australia, young adults are twice as likely as 86 
adults aged over 25 years to use illicit drugs, they have the highest rate of hospitalisation for 87 
intoxication by alcohol, and they are more likely than other age groups to be charged with 88 
driving under the influence of alcohol and/or drugs [14]. It is likely that many factors 89 
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contribute to such behaviours, however the role of SR, through its potential effects on higher 90 
order inhibitory control and affective mechanisms, is not well understood.   91 
With a few exceptions [15, 16], studies that have directly manipulated sleep duration 92 
to test effects on emotion regulation [6, 17, 18], or impulse control [19-21], support the  93 
notion that SR may be causing detriments to underlying inhibitory control and affective 94 
mechanisms.  In one study, adolescents exhibited decreased positive affect and increased 95 
anxiety and catastrophising following 2 nights of restricted sleep [6]. In another study, 55 h 96 
of continual wakefulness was associated with participants’ inability to inhibit feelings of 97 
aggression towards others, and an inability to behave in socially appropriate ways [18]. 98 
Furthermore, 36 h of continual wakefulness has been demonstrated to result in decreased 99 
affective inhibitory control efficiency in response to negatively valenced stimuli [19], and 100 
one night of total sleep deprivation [20] has led to an increased anticipatory pupillary 101 
response following presentation of negative picture stimuli, as opposed to positive or neutral 102 
stimuli. An implication of these studies is that sleep loss may decrease affective control, and 103 
lead to heightened emotional impulsivity in certain social or environmental situations. Whilst 104 
the link to risk taking behaviour is only demonstrated by one of these studies [21], these 105 
findings indicate that sleep losshas the potential to temporarily alter higher order cognitive 106 
functions and emotion regulation in ways that may contribute to such behaviours. 107 
Understanding whether or not SR  as is typically experienced by young adults leads to similar 108 
deficits is important, since sleep length is a modifiable factor, that could potentially 109 
contribute to a lowering of risk taking in young adults if increased. 110 
The demonstrated links between sleep loss and temporary changes in cognition, 111 
emotion, and behaviour are consistent with mild prefrontal lobe dysfunction [17]. The 112 
prefrontal cortext (PFC), which continues to mature up to the age of 25 years [22], is thought 113 
to be most vulnerable to the effects of sleep loss as it undergoes the greatest amount of 114 
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metabolic change between sleep and wake states [23]. The PFC is implicated in complex 115 
executive inhibitory and affective control via inhibitory subcortical connections with the 116 
amygdala; a limbic structure involved in the processing of affective goal-oriented actions 117 
[24]. It is thought that through its connections with prefrontal inhibitory control centres, the 118 
amygdala acts to modulate approach or withdrawal action towards affective stimuli in the 119 
environment [25]. Sleep may facilitate stronger prefrontal top-down control over the 120 
amygdala, allowing affective stimuli in the environment to be processed appropriately (i.e. 121 
with a level of control); whereas sleep loss leads to prefrontal cortical dysfunction, including 122 
reduced executive inhibitory control and limbic disinhibition (i.e. increased impulsivity to 123 
certain affective stimuli; [25]). Thus the notion that sleep restriction could contribute to risky 124 
behaviour in young adults is supported by this neurobehavioural model, and remains to be 125 
tested objectively in this age group.  126 
The present study investigated whether an acute partial SR paradigm would de-127 
regulate affective and inhibitory control mechanisms.  This form of acute SR may typify the 128 
experience of young adults and provide results that are generalisable to their everyday 129 
experience. In order to maximise the effect of acute partial SR and circadian nadir on 130 
participant’s performance, an early (05:00 h) testing time was chosen. We hypothesised: (1) 131 
that acute partial SR would result in increased subjective and objective sleepiness (the desire 132 
for sleep); and, that SR would  (2) de-regulate affective and inhibitory mechanisms leading to 133 
a worsening of subjective affect, (3) produce behavioural consequences, specifically, 134 
increased reactivity towards negative stimuli, and (4) result in an increased propensity for 135 
impulsive, risk taking behaviour.  136 
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METHODS 137 
Subjects and conditions 138 
Participants were recruited through advertisements in University environs. Following 139 
eligibility screening and study induction, 8 males and 12 females between the ages of 18 and 140 
24 years (M age = 20.16, SD = 2.11) consented to participate. Participants were excluded if 141 
they were experiencing any of the following: self-reported sleep difficulties or disorders; 142 
significant health problems; taking illicit or prescription medications; drinking >3 caffeinated 143 
beverages a day; self-reported habitual bed-times before 22:30 h and wake-up times before 144 
06:30 h. Participants were either  awarded credit towards their course of study, or monetary 145 
compensation of AU$40.  146 
 147 
Measures 148 
Psychology Experiment Building Language (PEBL; [26]).. Two tests from the 149 
PEBLTest Battery were used to objectively assess sleepiness and inhibitory control:  The 150 
PEBL Perceptual Vigilance Task (PPVT) and the PEBL Balloon Analog Risk Task 151 
(PBART). The tasks were presented in successive order on a Toshiba WT200 Windows 152 
Tablet 3G PDW03A-00G006 (Windows 7 OS). The computer tablet was attached to a 153 
viewing stand, and connected to a standard keyboard (for registering responses). Basic noise 154 
reduction headphones were worn by each participant to reduce ambient noise interference.  155 
The PPVT is a computerized version of the Wilkinson and Houghton [27] 156 
Psychomotor Vigilance Task (PVT), which is a sustained attention, reaction time task 157 
sensitive to behavioural alertness [7]. Following sleep loss, psychomotor speed decreases due 158 
to reduced vigilance and arousal as evinced through slower reaction times [7]. The PPVT 159 
required participants to press the ‘space-bar’ on the computer keyboard as quickly as possible 160 
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in response to a coloured stimulus (red circle) appearing on the tablet screen. Reaction time 161 
(RT) in milliseconds was shown on the screen following each response. Reaction times 162 
greater than 500 milliseconds are considered as “lapses” in behavioural alertness. The 10 163 
minute test consisted of 120 trials of stimuli presented at random inter-stimulus intervals 164 
ranging from 1 to 10 seconds.  165 
The PBART is based on a validated, computerised test aimed to measure the construct 166 
of impulsivity through risk taking propensity [28]. This 90 trial task involved accruing virtual 167 
money by inflating a virtual balloon. Five cents was accrued with each ‘click’ of the balloon 168 
pump, and each ‘click’ inflated the balloon by 1 degree on all sides. To retain money across 169 
trials, it must be banked before the balloon pops. Participants were not informed that there 170 
were three balloon types with different burst points, presented in randomised order. 171 
Participants could earn money by inflating the balloon, which they risked if the balloon 172 
popped; or, bank money early, risking reduced earnings due to under inflation. Two risk 173 
indices were evaluated: (1) the total number of burst balloons per session (out of 90 174 
presented), and (2) a cost-benefit ratio that represented the relative proportion of risk to the 175 
relative proportion of benefit obtained. A cost-benefit ratio greater than 1 is indicative of 176 
greater cost incurred for less financial benefit (see [21] for details of cost-benefit ratio 177 
calculation). 178 
The Emotional Go/No-go Task [29]. This computerised task was administered using 179 
E-Prime Version 2.0. software. This task is an adaptation of the classic Go/No-go Task 180 
however it uses pictures of happy, neutral and fearful faces as target (“Go”) and non-target 181 
(“No-go”) stimuli. The task consisted of six blocks of stimuli. Each block had 35 “Go” and 182 
13 “No-go” target facial expressions which were pseudorandomized across and between 183 
blocks to control for order effects. The Go/No-go stimulus presentation ratio was 70:30. 184 
Instructions were displayed on-screen at the start of each block stating target and distractor 185 
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expressions. Stimulus durations were 500 milliseconds, with 2000 millisecond inter-stimuli 186 
intervals. Participants were instructed to respond to targets as fast and accurately as possible 187 
(space bar press). To analyse the effect of sleepiness on inhibition to negative stimuli, the 188 
mean number of false alarms (incorrect “No-go” trials) for fearful faces were used in 189 
statistical analyses. 190 
 The Positive and Negative Affective Schedule (PANAS; [30]). The PANAS was used 191 
as a subjective measure of positive and negative affect. These affective dimensions are 192 
distinct and independent of one another. Positive affect reflects the extent to which an 193 
individual feels enthusiastic, active and alert, whereas negative affect reflects an individuals’ 194 
level of subjective distress and unpleasurable engagement [30]. Therefore, a worsening in 195 
affect would be indicative of a decrease in positive affect and an increase in negative affect 196 
scores. The two PANAS subscales (one positive and one negative), each comprised 10 items. 197 
Participants indicated how much of a particular positive (e.g. “proud”) or negative (e.g. 198 
“hostile”) descriptor they had experienced that day using a 5-point Likert scale ranging from 199 
1 = very slightly, to 5 = extremely. Composite scores for each scale range from 10 200 
(minimum) to 50 (maximum).  201 
Karolinska Sleepiness Scale (KSS; [31]).This modified 9-item KSS was used to 202 
measure participant’s subjective sleepiness at the end of each session. Participants rated their 203 
level of sleepiness by choosing the most appropriate statement that illustrated how “awake” 204 
they were feeling at that particular moment in time. Responses varied from 1 = extremely 205 
alert, to 9 = very sleepy, great effort to keep awake, fighting sleep.  206 
Actigraphy (Minimitter Respironics Actiwatch-II). Actigraphs (non-dominant wrist-207 
mounted accelerometers) were used to assess habitual sleep-wake behaviour and sleep 208 
manipulation (partial sleep deprivation) fidelity. Actigraphy is comparable to 209 
11 
polysomnography as a valid and reliable measure of sleep-wake parameters, particularly 210 
sleep onset and wake times [32]. The actigraphs were set to record at medium’ wake 211 
sensitivity (40 activity counts per epoch).  212 
Sleep Timing Questionnaire (STQ;[33]). This retrospective questionnaire was used to as an 213 
added control measure to assess participants habitual bed- and wake-times on nights before 214 
work/study, and the weekend. Convergent validity of the STQ in relation to actigraphy 215 
previously identified as .592 (p<.005) for bedtime, and .769 (p<.001) for waketime [33].  216 
 217 
Procedure 218 
This study employed a within-subjects, repeated measures design with outcomes of 219 
the primary independent variable, SR being measured at two time points, once at 05:00 h (SR 220 
condition) and once at 09:00 h (non-SR condition), one week apart. The 05:00 h time of day 221 
was estimated to fall within the participant’s habitual sleep period at a point close to their 222 
circadian temperature nadir (high predicted sleepiness following SR). The 09:00 h session 223 
was chosen to correspond with the rise in participant’s circadian-mediated wakefulness. The 224 
order of testing conditions was randomised, and counterbalanced across participants. 225 
Participants met with the experimenter 48 h prior to their first session and were fitted with 226 
actigraphs which they wore until completion of the second session the following week. 227 
Participants were not allowed to drink caffeinated beverages for 6 h prior to testing. 228 
For the SR session, participants were asked to go to bed at their usual time, and were 229 
woken up at 04:00 h by a phone call from the experimenter. Participants arrived at the 230 
laboratory in time to begin the experimental procedure at 05:00 h. Upon arrival, participants 231 
watched a movie for 20 minutes to counteract any residual physiological arousal effects from 232 
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commuting. Once settled, participants completed the PPVT and PBART. Following a 5 233 
minute break, participants completed the Emotional Go/No-go task, the PANAS, and KSS. 234 
For the non-SR condition, participants were asked to wake up naturally, but not later than 235 
08:00 h (at which time the experimenter called to confirm they had awoken). Participants 236 
arrived at the laboratory in time to begin the experimental procedure at 09:00 h.  The same 237 
experimental procedure was used for the SR and non-SR condition. The STQ [33] was 238 
administered at the end of the second session as an added control for the sleep manipulation. 239 
This study was approved by the Queensland University of Technology Human Research 240 
Ethics Committee; approval 1200000251. 241 
Data analysis 242 
To assess the fidelity of the acute partial SR manipulation, actigraphy recordings were 243 
reviewed for each participant and confirmed by sleep-wake information obtained from the 244 
STQ. Four participants’ actigraphy recordings were unscorable due to technical failure in the 245 
recording device. STQ responses were evaluated for these participants. Actigraph data was 246 
recorded in one-minute epochs, with rest intervals set using Actiware software (Ver. 5.2), and 247 
sleep determined using the ‘medium’ sensitivity setting. Rest intervals were manually 248 
adjusted based on light data where discrepancies occurred. 249 
Following actigraphy and STQ analysis, it was confirmed that one participant did not 250 
adhere to the required sleep-wake schedule (i.e. bed-time after 22:30 h and wake time after 251 
06:30 h). This participant was excluded from all further analyses, leaving a final sample size 252 
of 19. Table 1 presents actigraphy data. Following multivariate normality assessment, one 253 
outlier was located on the PBART and these data were excluded from further PBART 254 
analyses. 255 
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A repeated-measures multivariate analysis of variance (MANOVA) assessed the 256 
impact of SR (IV) on the combination of dependent variables. 257 
 258 
RESULTS 259 
 260 
[Insert Table 1 around here] 261 
 262 
  The MANOVA reflected a significant main effect of SR on the cognitive and 263 
affective dependent variables, Pillai’s Trace, F (7, 11)=4.330, p=.015, partial η2 =.734. 264 
Observed power to detect the effect was .871.  To test for specific effects, follow up repeated 265 
measures ANOVA’s were conducted on each separate dependent variable. Results are 266 
displayed in Table 2. 267 
 268 
[Insert Table 2 around here] 269 
 270 
Participants reported greater subjective (KSS, p<.001, η 2 = .53) and objective 271 
sleepiness (PPVT RT, p<.05, η2 = .24) following the SR condition, relative to the non-SR 272 
condition. Sleep restriction caused changes in positive (but not negative) affect. Mean 273 
positive affect ratings on the PANAS were significantly lower following SR, as opposed to 274 
non-SR (p<.05, η2 = .27), however mean negative affect ratings were not affected by SR and 275 
were consistently low on both occasions (p>.05). 276 
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Sleep restriction increased participants’ risk-taking propensity as evinced by a greater 277 
cost-benefit ratio (p<.05, η 2 = .21), and a greater number of burst balloons (p<.05, η2 = .46). 278 
Participants’ ability to inhibit responses to negative stimuli was not affected. The Emotional 279 
No-go false-alarm rate for participants was similar following SR and non-SR (p>.05). 280 
 281 
DISCUSSION 282 
 283 
This study aimed to establish whether acute partial SR would result in sleepiness and 284 
de-regulated affective and inhibitory control mechanisms. This study sought to determine 285 
whether SR would result in a worsening of subjective affect, and behavioural deficits, 286 
specifically increased reactivity to negative stimuli, and increased propensity for impulsive, 287 
risk taking behaviour in young adults.  First, an experimental manipulation check was 288 
performed to determine if the partial SR paradigm was effective.  This check showed that on 289 
average participants slept 3 h in the SR condition as opposed to their habitual 6.7 h (see Table 290 
1).  Thus the manipulation was effective at producing a relatively mild, but plausible 291 
manipulation of “one time” sleep disruption (i.e. 70% of young adults sleep less than 6 h per 292 
night at least once a week; [4]). As predicted, participants were sleepier at 05:00 h following 293 
acute partial SR, when compared to 09:00 h, and this effect was evident on both objective 294 
(PPVT) and subjective (KSS) measures. Following SR, subjective descriptors associated with 295 
mean sleepiness ratings   on the KSS were “some signs of sleepiness” (M=6.74, which 296 
previous research has found to be increased odds for sustaining injury in a car crash of 297 
approximately 4 [34]. Comparatively, following “normal” sleep, participants rated 298 
themselves as “rather alert” (M=4.89), corresponding to an odds ratio of approximately 2 for 299 
15 
sustaining injury [34].These results are consistent with previous research documenting the 300 
negative effects of sleep deprivation on psychomotor speed and subjective assessment of 301 
sleepiness following sleep restricted to 6 h or less per night in adults [7].   302 
The overall effect of SR on the combination of affective and neuropsychological 303 
variables was significant, explaining 73.4% of the variance in outcomes.  The effect of SR on 304 
separate outcomes was, with two exceptions, consistent with the predication that sleepiness 305 
reduces function.  Taking affect first, as predicted, experimentally restricting sleep produced 306 
changes in self-reported affect.  Whilst there was no change in response to ratings of negative 307 
affect between SR and non-SR conditions, there was a significant worsening of positive 308 
affect following SR. These results are consistent with previous findings [6], documenting a 309 
decrease in positive affect but no difference in negative affect following SR in adolescents 310 
and young adults. 
 
The large magnitude of effect for positive affect change in the present 311 
study (η2 =.26)  in spite of the relative brevity of sleep loss is important, given the association 312 
between sleep loss and increased anxiety in young people [6], and the links between 313 
impulsive, high risk behaviour and anxiety/and or depressive symptoms [35].  The failure to 314 
find a worsening of negative affect when sleepy could be due to floor effects or due to 315 
differences in diurnal responsiveness of the PANAS positive and negative indices [30].   316 
The hypothesis that SR would de-regulate executive inhibitory control mechanisms 317 
was differentially supported.  Previous literature has demonstrated that individuals are less 318 
able to inhibit responses to negative affective word stimuli following one night of sleep 319 
deprivation [19]. Our results contrast with these findings as there was no change in 320 
participants’ ability to successfully inhibit their responses to negative stimuli on the 321 
emotional Go/No-go task following SR (i.e. participants number of false positive responses 322 
did not vary between conditions). It is possible that these differences were a result of 323 
variability in processing affective word versus picture stimuli, or that performance on this 324 
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task may have been supported by other brain regions, blunting the effects of SR [36]. The 325 
paucity of studies utilising this task in sleep research makes it difficult to compare results, 326 
particularly as the construct of emotion regulation encompasses a broad range of 327 
psychological dimensions [37].  328 
The hypothesis that the propensity for impulsive risk taking behaviour would increase 329 
following SR was supported.  On the PBART, participants were ‘popping’ more balloons 330 
while sleepy, and were also more willing to incur greater risk for less financial benefit as 331 
indicated by the increased cost-benefit ratio scores. The magnitude of this cost-benefit effect 332 
was “large” (η2 =.21), and around half the size demonstrated previously following 75 h of 333 
total sleep deprivation (η2 =.39; [21]). The number of trials on the PBART was 90, compared 334 
to 30 in a previous study [21]. A longer test has greater potential for time-on-task effects, and 335 
is arguably more sensitive to sleep loss [36]. This may explain the large effect size relative to 336 
the amount of sleep loss incurred in the present study, and emphasises that a minimal degree 337 
of SR can result in large changes to the ways in which young adults evaluate risk-reward 338 
relationships. Whether these SR effects generalise to real-world situations is not 339 
demonstrated in this study; however, increased risk taking on the PBART has been associated 340 
with adolescent self-reported engagement in high-risk, impulsive behaviour such as 341 
aggression, alcohol and drug use and unprotected sexual intercourse [38].  342 
Limitations 343 
One limitation of this study, is that actigraphy data were assessed for the week in 344 
between testing sessions, therefore any uncharacteristic sleep variations occurring in the week 345 
prior to testing were not objectively assessed. Another limitation, is that participants may 346 
have presented with a significant chronic sleep debt, given that habitual sleep duration was 347 
observed to be relatively low (6.7 h, see Table 1). This means that the results of this study 348 
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may reflect the effects of additional acute sleep loss on a background of chronic sleep debt.  349 
Whilst this caveat is not likely to be specific to this study, it should be borne in mind when 350 
interpreting results. Isolating the effect of acute sleep loss would require specific 351 
methodologies, such as extended and verified ad-lib sleep opportunity to ensure complete 352 
discharge of sleep debt [5]. Alternatively, a sleep extension condition may allow for better 353 
interpretation of findings in future studies.  354 
Conclusion 355 
The present study is the first of its kind to examine the effects of acute partial SR on 356 
the behavioural ramifications of deficient inhibitory control mechanisms in young adults.  357 
Although others have looked at similar outcomes [19-21], their methods used more extensive 358 
deprivation paradigms and in some cases [20, 21] mostly adult participants.   This study 359 
demonstrated that an acute SR paradigm sufficient to produce sleepiness may significantly 360 
impact on affective experiences leading to a decrease in positive affect and cause sufficient 361 
de-regulation of cognitive control that may manifest in increased impulsive or risky 362 
behaviour. These findings are consistent with the broader epidemiology of risk taking and 363 
impulsive behaviour in this age group [12, 39-40]. Further studies of the effects of restricted 364 
sleep on higher order cognitive and affective functioning are needed to understand the 365 
neurobehavioural consequences of the relatively common occurrence of reduced sleep in the 366 
young adult population. A greater understanding may benefit clinicians, parents and 367 
significant others in promoting awareness of the need for adequate sleep, and for considering 368 
sleep as a primary factor in problematic behavioural profiles.  369 
  370 
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